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(54) Transmission power and protocol control in a wireless communication system

(57) A wireless access point and multiple wireless
terminals exchange utilization, status, mobility and re-
ception characteristics. Each wireless terminal gener-
ates reception characteristics based on transmissions re-
ceived from the wireless access point and from other
devices in the network. In one operating mode, the char-
acteristics gathered by the wireless devices are forward-
ed to the wireless access point, and, based on all re-
ceived characteristics, the wireless access point selects
its own transmission power for different types of the trans-
mission. In another mode, all characteristics are ex-
changed between every wireless terminal and the access
point so that each can independently or cooperatively
make transmission power control decisions. In a further

mode, the wireless access point adjusts protocol param-
eters based on an assessment of the characteristics re-
ceived fromthe client devices. The utilization, status, mo-
bility, and reception characteristics include received sig-
nal strength, error rates, estimated battery life, availability
of unlimited power, active versus sleep mode ratios, an-
ticipated bandwidth utilization, coding schemes availa-
ble, deterministic/non-deterministic requirements, en-
cryption and security requirements, quality of service re-
guirements, position, velocity, stationaly status, etc.
Gathering of such characteristics involves both retrieval
of preset parameters from memory and generating pa-
rameters based onreceived transmissions (including test
packets).
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates generally to wireless
communication systems, and more particularly to trans-
mit power control and protocol control of wireless com-
munication devices within such wireless communication
systems.

BACKGROUND OF THE INVENTION

[0002] Wireless communication systems are known to
support wireless communications between wireless
communication devices affiliated with the system. Such
wireless communication systems range from national
and/or international cellular telephone systems to point-
to-pointin-home wireless networks. Each type of wireless
communication system is constructed, and hence oper-
ates, in accordance with one or more standards. Such
wireless communication standards include, but are not
limited to IEEE 802.11, Bluetooth, advanced mobile
phone services (AMPS), digital AMPS, global system for
mobile communications (GSM), code division multiple
access (CDMA), wireless application protocols (WAP),
local multi-point distribution services (LMDS), multi-
channel multi-point distribution systems (MMDS), and/or
variations thereof.

[0003] An IEEE 802.11 compliant wireless communi-
cation system includes a plurality of client devices (e.qg.,
laptops, personal computers, personal digital assistants,
etc., coupled to a station) that communicate over a wire-
less link with one or more access points. The transmitting
device (e.g., a client device or access point) transmits at
a fixed power level regardless of the distance between
the transmitting device and a targeted device (e.g., sta-
tion or access point). Typically, the closer the transmitting
device is to the targeted device, the less error there will
be in the reception of the transmitted signal. However,
as is generally understood in the art, wireless transmis-
sions may include some error and still provide an accu-
rate transmission. Thus, transmitting at power levels that
provide too few errors is energy inefficient.

[0004] Asisalsogenerally understood in the art, many
wireless communications systems employ a carrier-
sense multiple access (CSMA) protocol that allows mul-
tiple communication devices to share the same radio
spectrum. Before a wireless communication device
transmits, it "listens" to the wireless link to determine if
the spectrum is in use by another station to avoid a po-
tential data collision. At lower received power levels, this
protocol can lead to a hidden terminal problem when two
devices, generally spaced far apart, are both trying to
communication with a third device in the middle. While
the device in the middle can "hear" the two devices on
the periphery, these two devices cannot hear one another
- potentially creating data collisions with simultaneous
transmissions destined for the middle device.
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[0005] Further limitations and disadvantages of con-
ventional and traditional approaches will become appar-
ent to one of ordinary skill in the art through comparison
of such systems with the present invention.

[0006] According to an aspect of the invention, a wire-
less network is provided communicatively coupled to a
packet switched backbone network, the wireless network
comprising:

an access point having communication interface cir-
cuitry that communicatively couples with the packet
switched backbone network, access point process-
ing circuitry, and access point transceiver circuitry
that manages communication by transmitting at a
plurality of power levels;

the access point processing circuitry controls com-
munication flow between the communication inter-
face circuitry and the access point transceiver cir-
cuitry, the access point processing circuitry selects
a first power level of the plurality of power levels for
periodic transmissions by the access pointtransceiv-
er circuitry;

a first client device having first client processing cir-
cuitry and first client transceiver circuitry;

a second client device having second client process-
ing circuitry and second client transceiver circuitry;

the first client transceiver circuitry and the second
client transceiver circuitry both communicatively
coupling with the packet switched backbone network
via the access point transceiver circuitry, the access
point processing circuitry, and the communication
interface circuitry;

the first client processing circuitry evaluates trans-
missions from both the access point transceiver cir-
cuitry and the second client transceiver circuitry, and
transmits to the access point transceiver via the first
client transceiver circuitry a first plurality of charac-
teristics relating to the evaluation by the first client
processing circuitry;

the second client processing circuitry evaluates
transmissions from both the access point transceiver
circuitry and the first client transceiver circuitry, and
transmits to the access point transceiver via the sec-
ond client transceiver circuitry a second plurality of
characteristics relating to the evaluation by the sec-
ond client processing circuitry; and

the access point processing circuitry assesses both
the first plurality of characteristics and the second
plurality of characteristics and, based on the assess-
ment, selects both a second power level of the plu-
rality of power levels for transmissions by the access
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pointtransceiver circuitry to the first client transceiver
and a third power level of the plurality of power levels
for transmissions by the access point transceiver cir-
cuitry to the second client transceiver, and the first
power level is greater that the second power level,
while the second power level is greater than the third
power level.

[0007] Advantageously, the transmissions evaluated
by the first client processing circuitry comprise at least a
portion of an ongoing data exchange.

[0008] Advantageously, the transmissions evaluated
by the first client processing circuitry comprise at least
one test signal exchange.

[0009] Advantageously, the first plurality of character-
istics further include mobility characteristics of the first
client device.

[0010] Advantageously, the first plurality of character-
istics further include utilization characteristics of the first
client device.

[0011] Advantageously, the first plurality of character-
istics further include status characteristics of the first cli-
ent device.

[0012] Advantageously, the access point processing
circuitry is further operable to select a first protocol pa-
rameter for transmissions by the access point transceiver
circuitry to the first client transceiver.

[0013] Accordingto an aspect of the invention, a meth-
od is provided for use in an access point that wirelessly
couples a first client device and a second client device
to apacket switched backbone network, the method com-
prising:

selecting a first power level of the plurality of power
levels for periodic transmissions by the access point;

receiving a first plurality of characteristics relating to
an evaluation by the first client device of transmis-
sions received by the first client device from both the
access point and the second client device;

receiving a second plurality of characteristics relat-
ing to an evaluation by the second client device of
transmissions received by the second client device
from both the access point and the first client device;
and

assessing both the first plurality of characteristics
and the second plurality of characteristics and,
based on the assessment, selecting both a second
power level of the plurality of power levels for trans-
missions by the access point to the first client device
and a third power level of the plurality of power levels
for transmissions by the access point to the second
client device, and the first power level is greater that
the second power level, while the second power level
is greater than the third power level.
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[0014] Advantageously, the transmissions evaluated
by the first client device comprise at least a portion of an
ongoing data exchange.

[0015] Advantageously, the transmissions evaluated
by the first client device comprise at least one test signal
exchange.

[0016] Advantageously, the first plurality of character-
istics include mobility characteristics.

[0017] Advantageously, the first plurality of character-
istics include utilization characteristics.

[0018] Advantageously, the first plurality of character-
istics include status characteristics.

[0019] Advantageously, the step of assessing both the
first plurality of characteristics and the second plurality
of characteristics further includes selecting afirst protocol
parameter for transmissions by the access point trans-
ceiver circuitry to the first client transceiver.

[0020] According to an aspect of the invention, a meth-
od is provided for use in a first client device that, along
with at least a second client device, wirelessly commu-
nicates with and a packet switched backbone network
via an access point, the method comprising:

receiving periodic transmissions by the access point
at first power level of the plurality of power levels;

evaluating transmissions received from both the ac-
cess point and the second client device and trans-
mitting to the access point a first plurality of charac-
teristics relating to the evaluation by the first client
device;

receiving a transmission from the access point at a
second power level of the plurality of power levels
that is based on an assessment of both the first plu-
rality of characteristics and a second plurality of char-
acteristics from the second client device, the first
power level is greater that the second power level,
and the transmission contains a selected power level
for transmissions by the first client device; and

transmitting at the selected power level.

[0021] Advantageously, the transmissions evaluated
by the first client device comprise at least a portion of an
ongoing data exchange.

[0022] Advantageously, the transmissions evaluated
by the first client device comprise at least one test signal
exchange.

[0023] Advantageously, the first plurality of character-
istics include mobility characteristics.

[0024] Advantageously, the first plurality of character-
istics include utilization characteristics.

[0025] Advantageously, the first plurality of character-
istics include status characteristics.

[0026] Advantageously, the step of receiving a trans-
mission from the access point further includes receiving
afirst protocol parameter for transmissions received from
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the access point transceiver circuitry.

[0027] According to an aspect of the invention, a wire-
less network is provided communicatively coupled to a
packet switched backbone network, the wireless network
comprising:

an access point having communication interface cir-
cuitry that communicatively couples with the packet
switched backbone network, access point process-
ing circuitry, and access point transceiver circuitry
that transmits at a plurality of power levels;

the access point processing circuitry managing com-
munication flow between the communication inter-
face circuitry and the access point transceiver cir-
cuitry;

a first client device having first client processing cir-
cuitry and first client transceiver circuitry;

a second client device having second client process-
ing circuitry and second client transceiver circuitry;

the first client processing circuitry generates a sec-
ond client reception characteristic based on at least
one transmission from the second client transceiver
circuitry, and the first client processing circuitry trans-
mits the second client reception characteristic to the
access point transceiver circuitry via the first client
transceiver circuitry;

the second client processing circuitry generates a
first client reception characteristic based on at least
one transmission from the first client transceiver cir-
cuitry, and the second client processing circuitry
transmits the first client reception characteristic to
the access point transceiver circuitry via the second
client transceiver circuitry; and

the access point processing circuitry, based on the
second client reception characteristic, selects a first
power level of the plurality of power levels for trans-
missions by the access point transceiver circuitry to
the first client transceiver, and the access point
processing circuitry, based on the first client recep-
tion characteristic, selects a second power level of
the plurality of power levels for transmissions by the
access pointtransceiver circuitry to the second client
transceiver, and the first power level is greater than
the second power level.

[0028] Advantageously, the access point processing
circuitry is further operable to select a first protocol pa-
rameter for transmissions by the access point transceiver
circuitry to the first client transceiver.

[0029] Advantageously, the access point processing
circuitry is further operable to select a second protocol
parameter for transmissions by the access point trans-
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ceiver circuitry to the second client transceiver.

[0030] Advantageously, the at least one transmission
fromthe first client transceiver circuitry comprises at least
a portion of an ongoing data exchange.

[0031] Advantageously, the at least one transmission
from thefirst client transceiver circuitry comprises at least
one test signal exchange.

[0032] Advantageously,thefirstclientdevice transmits
first mobility characteristics to the access point, and the
access point processing circuitry assesses at least a por-
tion of the first mobility characteristics along with the first
client reception characteristic to generate the first power
level of the plurality of power levels.

[0033] Advantageously,thefirstclientdevice transmits
first status characteristics to the access point, and the
access point processing circuitry assesses at least a por-
tion of the first status characteristics along with the first
client reception characteristic to generate the first power
level of the plurality of power levels.

[0034] Advantageously,thefirstclientdevice transmits
first utilization characteristics to the access point, and the
access point processing circuitry assesses at least a por-
tion of the first utilization characteristics along with the
first client reception characteristic to generate the first
power level of the plurality of power levels.

[0035] According to an aspect of the invention, a com-
munication network comprises:

a first device having a first wireless transceiver that
transmits at a plurality of power levels;

a second device having a second wireless transceiv-
er;

a third device having a third wireless transceiver;

the second device generates a first reception char-
acteristic based on at least one transmission from
the third wireless transceiver, and the second device
transmits the first reception characteristic to the first
wireless transceiver of the first device;

the third device generates a second reception char-
acteristic based on at least one transmission from
the second wireless transceiver, and the third device
transmits the second reception characteristic to the
first wireless transceiver of the first device;

the first device, based on the first reception charac-
teristic, selects a first power level of the plurality of
power levels for transmissions by the first transceiver
circuitry to the third transceiver circuitry; and

the first device, based on the second reception char-
acteristic, selects a second power level of the plu-
rality of power levels for transmissions by the first
transceiver circuitry to the second transceiver circuit-
ry, and the first power level is greater than the second
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power level.

[0036] Advantageously, the first device is further op-
erable to select a first protocol parameter for transmis-
sions by the first wireless transceiver to the second de-
vice.

[0037] Advantageously, the first device is further op-
erable to select a second protocol parameter for trans-
missions by the first wireless transceiver to the third de-
vice.

[0038] Advantageously, the at least one transmission
from the third wireless transceiver comprises at least a
portion of an ongoing data exchange.

[0039] Advantageously, the at least one transmission
from the third wireless transceiver comprises at least one
test signal exchange.

[0040] Advantageously, the second device transmits
a first mobility characteristic to the first device, and the
first device assesses at least a portion of the first mobility
characteristic along with the first reception characteristic
to generate the first power level of the plurality of power
levels.

[0041] Advantageously, the second device transmits
a first status characteristic to the first device, and the first
device assesses at least a portion of the first status char-
acteristic along with the first reception characteristic to
generate the first power level of the plurality of power
levels.

[0042] Advantageously, the second device transmits
a first utilization characteristic to the first device, and the
first device assesses at least a portion of the first utiliza-
tion characteristic along with the first reception charac-
teristic to generate the first power level of the plurality of
power levels.

[0043] According to an aspect of the invention, a wire-
less communication protocol is provided used by an ac-
cess point to deliver first data packets to a first wireless
device and second data packets to a second wireless
device, the wireless communication protocol comprising:

first wireless transmissions by the access point de-
vice at a first power targeting both the first wireless
device and the second wireless device;

second wireless transmissions by the access point
device at a second power level selected to support
both delivery of the first data packets to the first wire-
less device and detection of the second wireless
transmissions by the second wireless device, the first
power level being greater than the second power
level; and

third wireless transmissions of at least the second
data packets by the access point device at a third
power level selected to support receipt of the second
data packets by the second wireless device, the sec-
ond power level being greater than the third power
level.
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[0044] Advantageously, the second wireless transmis-
sions are in accordance with a first protocol parameter,
the third wireless transmissions are in accordance with
a second protocol parameter, and the second protocol
parameter is different from the first protocol parameter.
[0045] According to an aspect of the invention, a com-
munication network comprises:

a first device having a first wireless transceiver that
transmits at a first selected power level;

a second device having a second wireless transceiv-
er that transmits at a second selected power level;

athird device having a third wireless transceiver that
transmits at a plurality of power levels;

the second device generates a first reception char-
acteristic based on at least one transmission from
the first wireless transceiver, and the second device
transmits the first reception characteristic to the third
wireless transceiver of the third device;

the first device generates a second reception char-
acteristic based on at least one transmission from
the second wireless transceiver, and the first device
transmits the second reception characteristic to the
third wireless transceiver of the third device;

the third device, based on the first reception charac-
teristic, selects both a first power level of the plurality
of power levels for transmissions by the third trans-
ceiver circuitry to the first transceiver circuitry, and
the first selected power level of the first wireless
transceiver circuitry for transmissions by the first
wireless transceiver circuitry to the third transceiver
circuitry; and

the third device, based on the second reception char-
acteristic, selects both a second power level of the
plurality of power levels for transmissions by the third
transceiver circuitry to the second transceiver circuit-
ry, and the second selected power level of the sec-
ond wireless transceiver circuitry for transmissions
by the second wireless transceiver circuitry to the
third transceiver circuitry.

[0046] Advantageously, the third device is further op-
erable to select a first protocol parameter for transmis-
sions by the third transceiver circuitry to the first trans-
ceiver circuitry.

[0047] Advantageously, the third device is further op-
erable to select a second protocol parameter for trans-
missions by the third transceiver circuitry to the second
transceiver circuitry.

[0048] Advantageously, the first device transmits afirst
mobility characteristic to the third device, and the third
device assesses at least a portion of the first mobility
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characteristic along with the first reception characteristic
to generate the first power level of the plurality of power
levels.

[0049] Advantageously, the firstdevice transmits afirst
status characteristic to the third device, and the third de-
vice assesses at least a portion of the first status char-
acteristic along with the first reception characteristic to
generate the first power level of the plurality of power
levels.

[0050] Advantageously, the firstdevice transmits afirst
utilization characteristic to the third device, and the third
device assesses at least a portion of the first utilization
characteristic along with the first reception characteristic
to generate the first power level of the plurality of power
levels.

BRIEF DESCRIPTION OF THE DRAWINGS
[0051]

FIG. 1 presents a pictorial representation of a wire-
less network 10 in accordance with an embodiment
of the present invention.

FIG. 2 presents a timing diagram of transmissions
by the access point 110 and the client devices 121
and 123 in accordance with an embodiment of the
present invention.

FIG. 3 presents a pictorial representation of a wire-
less network 10 that shows examples of client de-
vices and various modes of connection between ac-
cess points and packet switched backbone network
101 in accordance with an embodiment of the
present invention.

FIG. 4 presents a block diagram representation of
an access point 300 that can be used in wireless
network 10 in accordance with an embodiment of
the present invention.

FIG. 5 presents a block diagram representation of a
client device 400 that can be used in wireless net-
work 10 in accordance with an embodiment of the
present invention.

FIG. 6 presents a block diagram representation of a
clientdevice 400’ with optional GPS circuitry 416 and
power source regulation circuitry 420 in accordance
with an embodiment of the present invention.

FIG. 7 presents a block diagram representation of
an access point 300’ with optional AP assessment
application 225 in accordance with an embodiment
of the present invention.

FIG. 8 presents a pictorial representation of a wire-
less network 10 in accordance with an embodiment
of the presentinvention that provides a management
application 225 in one of a plurality of terminals.
FIG. 9 presents a flowchart representation of a meth-
odthat can be usedin aterminal, access point and/or
an integrated circuit in accordance with an embodi-
ment of the present invention.

FIG. 10 presents a flowchart representation of a
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method that can be used in a terminal, client device
and/or an integrated circuit in accordance with an
embodiment of the present invention.

SUMMARY OF THE INVENTION

[0052] The present invention sets forth a wireless net-
work, access point, client device, integrated circuit and
methods that determine transmission power and protocol
parameters based on received characteristics substan-
tially as shown in and/or described in connection with at
least one of the figures, as set forth more completely in
the claims that follow.

DETAILED DESCRIPTION

[0053] FIG. 1 presents a pictorial representation of a
wireless network 10 in accordance with an embodiment
of the present invention. A wireless network 10 includes
an access point 110 that is coupled to packet switched
backbone network 101. The access point 110 manages
communication flow destined for and originating from
each of clientdevices 121, 123, 125 and 127 over a wire-
less network 10. Via the access point 110, each of the
clientdevices 121, 123, 125 and 127 can access service
provider network 105 and Internet 103 to, for example,
surf web-sites, download audio and/or video program-
ming, send and receive messages such as text messag-
es, voice message and multimedia messages, access
broadcast, stored or streaming audio, video or other mul-
timedia content, play games, send and receive telephone
calls, and perform any other activities, provided directly
by access point 110 or indirectly through packet switched
backbone network 101.

[0054] The access point 110 is capable of transmitting
high power transmissions 99 and reduced power level
transmissions 98 at one or more reduced power levels,
depending on the type of transmission, the characteris-
tics of the particular client device to which the transmis-
sion is addressed and the characteristics of the other
client devices that are associated with the access point
110. The access point 110 includes a management ap-
plication 225, and each client devices 121, 123, 125 and
127 includes a client assessment application 404. The
management application 225 and the client assessment
applications 404 of each of the client devices 121, 123,
125 and 127 operate to select adequate transmission
power settings that conserve battery power and limit un-
necessary electromagnetic radiation. For example, as di-
rected by a client assessment application 404, the client
device 121 assesses transmissions from the access
point 110 and the client devices 123, 125 and 127. The
client device 121 generates reception characteristics
based on the assessment. The client device 121 also
gathers local status information, anticipated bandwidth
utilization characteristics and mobility information, and,
based thereon, generates status characteristics, utiliza-
tion characteristics, and mobility characteristics. The cli-
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entdevice 121 delivers the reception characteristics, sta-
tus characteristics, utilization characteristics and mobility
characteristics to the access point 110 for use by the
management application 225. According to their client
assessment applications 404, the other of the client de-
vices 123, 125 and 127 similarly gather and deliver their
local status characteristics, utilization characteristics and
mobility characteristics along with reception characteris-
tics relating to others of the client devices and the access
point 110.

[0055] The access point 110, in accordance with the
management application 225, also generates its own re-
ception characteristics and utilization characteristics.
The management application 225 adjusts the access
point’s transmission power and controls the transmission
power of each of the client devices 121, 123, 125 and
127 based on: 1) the reception characteristics received
from each of the client devices 121, 123, 125 and 127
regarding others of the client devices and the access
point; 2) locally generated reception characteristics and
utilization characteristics regarding each of the client de-
vices 121, 123, 125 and 127; 3) status characteristics
from each of the client devices 121, 123, 125 and 127;
4) mobility characteristics from each of the client devices
121, 123, 125 and 127; and 5) utilization characteristics
generated by each of the client devices 121, 123, 125
and 127. The access point 110 achieves such control by
causing the access point 110 to deliver control instruc-
tions to each of the client devices 121, 123, 125 and 127
via the wireless network. Each of the client devices 121,
123, 125 and 127 respond to the control instructions by
adjusting its transmit power. Such overall control takes
advantage of particular, current circumstances, including
current operational status, relative positions and proper-
ties of any the network nodes (e.g., the access point 110
and the client devices 121, 123, 125 and 127).

[0056] As used herein, "reception characteristics" in-
cludes any data, generated based on received wireless
transmissions, that rates or can be used to rate the qual-
ity, accuracy or strength of such received wireless trans-
missions. For example, reception characteristics might
include any one or more of a Received Signal Strength
Indication (RSSI), bit/packet error, current/historical error
rates, multipath interference indications, Signal to Noise
Ratio (SNR), fading indications, etc.

[0057] Status characteristics includes any data relat-
ing to an underlying device's prior, current or anticipated
readiness, abilities or capacity for participating on the
wireless network. Status characteristics include, for ex-
ample, the amount of power available, such as whether
alternating current (AC) power is available or only battery
power, and, if battery power, anticipated battery life at
various transmission power levels and at various levels
of participation, etc. Status characteristics also include
whether a device is currently "sleeping"” or inactive or in
a low power idle state. It may also include historical in-
formation anticipating the current status duration and an-
ticipated status characteristics changes. Status charac-
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teristics may also include status information relating to
each underlying communication software application that
runs on a client device. For example, on a single client
device two communication applications might be present
with one in an inactive state and the other actively com-
municating. Status characteristics would identify such
activity and inactivity.

[0058] Utilization characteristics include any parame-
ter that indicates a prior, current or anticipated bandwidth
requirement, usage or usage characteristic. Utilization
characteristics might include anticipated QoS (Quality of
Service) requirements, upstream/downstream band-
width usage, bandwidth usage characteristics, idle ver-
sus active status characteristics, underlying data/media
types (e.g., voice, video, images, files, database data/
commands, etc.) and corresponding requirements, etc.
[0059] Mobility characteristics include for example in-
dications as to whether the underlying device is: 1) per-
manently stationary, e.g., a desktop client computer,
game console, television, set top box or server; 2) capa-
ble of mobility, e.g., a cell phone or mobile VolP (Voice
over Internet Protocol) phone, PDA (Personal Digital As-
sistant), and palm, laptop or pad computer; and 3) cur-
rently moving, e.g., any one or more of current position
and direction, velocity and acceleration information.
[0060] In operation, the access point 110 is capable of
transmitting at a selected power level that is based on
factors such as the type of transmission, the reception
characteristics, status characteristics, utilization charac-
teristics, mobility characteristics, and the particular target
device for the transmission. For instance, access point
110 can transmit periodic beacons at a high power level
that include information relating to the access point 110
and the packet switched backbone network 101 such as
a service set identifier (SSID) and network name. These
beacons are used to support new associations with client
devices 121, 123, 125 and 127 that enter the proximity
of access point 110 or that otherwise become active with-
inthis proximity. Reception characteristics relating to how
well the client devices 121, 123, 125 and 127 receive
these beacon transmissions can be generated by the cli-
ent assessment applications 404 of these client devices
and transmitted back to the access point 110. In re-
sponse, management application 225 determines a cus-
tomized power level for the access point to transmit to
each client device 121, 123, 125, and 127 that may be
reduced from the maximum power output, but that pro-
vides sufficient power to be received by that particular
client device. In addition, management application 225
determines an intermediate power level that is sufficient
to be received by all of the client devices 121, 123, 125
and 127. Specific packets, such as all acknowledge-
ments (ACKs), every other ACK, every nth ACK etc., all
data packets, occasional data packets, etc. are transmit-
ted by the access point 110 at the intermediate power
level that will reach all of the client devices 121, 123, 125
and 127, with the remaining packets transmitted at the
power level that is customized for the particular client
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device 121, 123, 125 or 127 to which the packets are
addressed.

[0061] Reducing the transmitted power of the access
point, and of the client devices themselves, reduces the
power consumption of these devices -- potentially ex-
tending the life of the devices and the battery life for de-
vices that are battery powered. In addition, the resulting
wireless network 10 is more "transmission friendly" to
neighboring networks. The transmission of beacons at
high power promotes the association of new client de-
vices to wireless network 10. The transmission of packets
addressed to a particular client device 121, 123, 125 or
127, at a customized power level enhances the power
efficiency of the network. The transmission of selected
packets at the intermediate power level, that will reach
all of the client devices 121, 123, 125 and 127 that are
associated with access point 110, helps reduce hidden
terminal problems by letting other client devices know
that a device is transmitting.

[0062] By way of example, the access point 110 may
transmit at ten discrete power levels at 1 dB increments,
say 10 through 1, with 10 corresponding to the full power
transmission, 9 corresponding to a 1dB reduction in
transmitted power, 8 corresponding to a 2dB reduction
in power, etc. Based on reception characteristics re-
ceived from client devices 121, 123, 125, and 127, man-
agement application 225 of access point 110 determines
the following power levels are sufficient to be received
by each client device:

Client Device | Power level
121 5
123 6
125 8
127 6

Access point 110 transmits beacons at a power level of
10. Access point 110 transmits every other ACK with a
power level of 8, sufficient to be received by each client
device 121,123, 125and 127. Other packets from access
point 110 are transmitted at the power level assigned to
the addressee client device. Packets addressed to client
devices 123 or 127 are transmitted at power level 6, pack-
etsaddressedto clientdevice 121 are transmitted at pow-
er level 5, packets addressed to client device 125 are
transmitted at power level 8.

[0063] While the reception characteristics are de-
scribed above as generated in response to access point
beacons, the reception characteristics can also be col-
lected by a given one of the client devices 121, 123, 125
and 127 through a test mode and through "sniffing". In
the test mode, the access point 110 directs each of the
client devices to respond with reception characteristics
in response to transmissions from the access point 110
at one or more transmission power levels. Also, in the
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test mode, the access point 110 directs one of the client
devices 121, 123, 125 and 127 to transmit at one or more
selected power levels and all others to generate and de-
liver reception characteristics in response. The access
point 110 may similarly direct each of the others of the
client devices 121, 123, 125 and 127 to send the test
transmissions and correspondingly have the others re-
spond by generating reception characteristics. Testing
can be conducted periodically or whenever conditions
indicate that transmission power adjustments may be
needed. Devices that are mobile may undergo testing
more often than those that are stationary. Collecting re-
ception characteristics through sniffing involves a client
device listening to ordinary (not test) transmissions from
and to the access point 110. The access point 110 may
request reception characteristics based on such sniffing
or may be delivered same occasionally or periodically
(e.g., as significant changes are detected) and without
request by each client device. Similarly, without request,
status characteristics, utilization characteristics and mo-
bility characteristics may be reported as significant
changes therein occur by a client device to the access
point 110.

[0064] Further, while the selected power levels used
by access point 110 to transmit to each client device are
described above as being determined based on recep-
tion characteristics, management application 225 can
likewise use status characteristics, utilization character-
istics and mobility characteristics and with periodic up-
dates thereto, to determine the customized power levels
for transmission to each client device 121, 123, 125, and
127 and the intermediate power level that will reach all
client devices. For example, the client device 123 gen-
erates reception characteristics from transmissions be-
tween the client device 121 and the access point 110.
The client device 123 delivers the reception characteris-
tics generated to the access point 110. The client device
123, a stationary desktop computer, has access to AC
power, and has a full-duplex, video streaming application
running in an active communication state which requires
significant bandwidth and QoS. The client device 123
communicates such corresponding status characteris-
tics, utilization characteristics and mobility characteris-
tics to the access point 110. The client device 125, a
battery powered device with significant remaining battery
life, is operating with little communication traffic either
direction. The client device 125 generates reception
characteristics for all communication exchanges. The cli-
entdevices 121 and 127, portable communication devic-
es with minimal power resources, both have one or more
communication applications active that require light but
continuous bandwidth demands. Both also generate re-
ception characteristics regarding communication flowing
in all directions. Such reception characteristics and un-
derlying status characteristics, utilization characteristics
and mobility characteristics are communicated to the ac-
cess point 110. The management application 225 of the
access point 110 considers all such received communi-
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cations, and for example, may operate at the higher over-
all transmission power with protocol supported QoS and
priority when transmitting to client device 123. When
transmitting at the intermediate power level, all of the
other client devices should receive the transmissions and
attempt to avoid simultaneous, interfering transmissions.
Further, the management application 225 may increase
the power level for transmission to client device 125, giv-
en the mobility of this device and the potentially changing
reception characteristics that this client device may ex-
perience.

[0065] For transmission to the access point 110 from
the client devices 121, 123, 125 and 127, the manage-
ment application 225 can determine a transmission pow-
er level, based on the reception characteristics (including
receptions by client devices 121, 123, 125 and 127 of
transmissions from other client devices), status charac-
teristics, utilization characteristics and mobility charac-
teristics, that are transmitted by access point 110 to each
respective client device. By way of further examples, the
client devices 121 and 127 may each adequately receive
transmissions from the access point 110. However, an
analysis of their reception characteristics by access point
110 may reveal that clientdevice 127 cannot detect trans-
missions from client device 121 and vice versa. In this
scenario, the access point 110 may choose to boost the
transmission power of one or both of the client devices
121 and 127 to avoid potential hidden terminal problems
that could occur when client device 121 and 127 attempt
to transmit to access point 110. An analysis of reception
characteristics and status characteristics by access point
110 may also reveal that the client device 123 is easily
detected by each of the other devices and thatitis running
low on battery power. In response, the access point 110
can select a reduced transmission power level for the
client device 123 that extends its battery life. An analysis
of reception characteristics and mobility characteristics
by access point 110 may reveal that the client device 125
is highly mobile. Rather than relying solely on reception
characteristics, the access point 110 selects a transmis-
sion power level for the client device 125 that takes into
consideration its possible movement about the transmis-
sion range of the wireless network 10.

[0066] Also to manage power and transmissions, the
management application 225 is further operable to man-
age the protocol or protocols used in communicating be-
tween the access point 110 and the client devices 121,
123, 125 and 127 and power levels inherent in and as-
sociated therewith. In one mode of operation, manage-
ment application 225 can selectively adjust one or more
protocol parameters, such as the packet length, data
rate, forward error correction, error detection, coding
scheme, data payload length, contention period, and
back-off parameters used by access point 110 in com-
munication with one or more of the client devices 121,
123,125 and 127, based on the analysis of the reception
characteristics, status characteristics, utilization charac-
teristics, and mobility characteristics. In this fashion, the
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protocol parameters can be adapted for power conser-
vation and to minimize unnecessary transmission power
utilization based on the conditions of the network. These
conditions for example include not only the mobility, uti-
lization, status, and reception characteristics of a partic-
ular device, but the mobility, utilization, status, and re-
ception characteristics of a plurality of devices, and how
well each client device receives other client devices.
[0067] For example, in the event that a client device,
such as client device 121, has difficulty detecting trans-
missions from client device 123, access point 110 can
modify the protocol parameters so that transmissions by
client device 123 include more aggressive error correct-
ing codes, increased back-off times and/or smaller data
payloads or packet length to increase the chances that
a packet will be received in the event of contention by
client device 121. In addition, decreasing the packet
length can increase the frequency of acknowledgements
transmitted by access point 110. These acknowledge-
ments can be transmitted at a power level sufficient to
be heard by client device 121. With increased back-off
times, client device 121 has less opportunity to create a
potential contention.

[0068] Inafurther mode of operation, access point 110
and client devices 121, 123, 125 and 127 can operate
using a plurality of different, and potentially complimen-
tary, protocols having different protocol parameters. Ac-
cess point 110 can likewise select a particular one of a
plurality of protocols that suits the particular conditions
present in the wireless network 10, as determined based
on an assessment of utilization characteristics, status
characteristics, mobility characteristics and/or reception
characteristics. For instance, an access point can select
from 802.11 (n), 802.11 (g) or 802.11 (b) protocols having
different protocol parameters, data rates, etc, based on
the particular protocol best suited to accommodate the
characteristics of the client devices 121, 123, 125 and
127 that are present.

[0069] It should be noted that these examples are
merely illustrative of the many functions and features pre-
sented in the various embodiments of the present inven-
tion set forth more fully in conjunction with the description
and claims that follow.

[0070] FIG. 2 presents a timing diagram of transmis-
sions by the access point 110 and the client devices 121
and 123 in accordance with an embodiment of the
present invention. In particular, FIG. 2 shows exchanges
between access point 110 and client device 121 and ex-
changes between access point 110 and client device
123. While exchanges between the access point 110 and
two client devices are shown, the invention herein like-
wise applies for use with a greater number of client de-
vices. In this diagram, transmissions such as data pack-
ets, acknowledgements and beacons are represented
by blocks whose relationship to the timing of other events
canillustrate a mode of operation, however, the durations
of these blocks are not shown to scale. The relative am-
plitude of these blocks represents the power level of a
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particular transmission, with taller blocks being transmit-
ted at greater power and shorter blocks being transmitted
at lower power.

[0071] Priorto the beginning of the time shown by FIG.
2, client device 121 has generated first characteristics
by evaluating transmissions, such as beacons, test trans-
missions or routine on-going transmissions, from both
the access point 110 and other client devices, and further,
by evaluating its own utilization, status and mobility. Like-
wise, client device 123 has generated second character-
istics by evaluating transmissions from both the access
point 110 and other client devices, and its own utilization,
status and mobility. Client device 121 transmits, at a pre-
set power level, transmission 130 to the access point 110
that includes the first characteristics. Access point gen-
erates an acknowledgement 132 in response at a first
power level, such as a high or full power level. Client
device 123 transmits, at a preset power level, transmis-
sion 134 to the access point 110 that includes the second
characteristics. Access point generates an acknowl-
edgement 136 in response at the high power level.
[0072] The management application 225 of access
point 110, having received the first characteristics from
client device 121 and second characteristics from client
device 123. assesses both the first characteristics and
the second characteristics and, based on the assess-
ment, selects both a second power level of the plurality
of power levels for transmissions by the access point 110
to the client device 121 and a third power level of the
plurality of power levels for transmissions by the access
point 110 to the client device 123. Although not shown,
the access point 110 may select an alternate protocol,
based on such assessment, and coordinate switch-over
from that currently being used to the alternate protocol.
[0073] Assuming a protocol change is not warranted,
the management application 225 determines a selected
power level for transmissions by the client device 121
and a selected power level for transmissions by the client
device 123 and other possible protocol parameters that
are sent, respectively, to clients devices 121 and 123 in
transmissions 140 and 144 that are acknowledged, re-
spectively, by acknowledgements 142 and 146.

[0074] After the transmission powers and protocol pa-
rameters for the access point 110 and the client devices
121 and 123 are established, the operating mode begins.
In this example, the access point 110 transmits at a high-
est power level for the periodic beacons 140. Transmis-
sions to client device 121, such as acknowledgement
154 are at a first reduced power level that is sufficient for
reception by client device 121. Transmissions to client
device 123, such as transmissions 160 are at a second
reduced power level that is sufficient for reception by cli-
entdevice 123. Periodic acknowledgements, such as ac-
knowledgements 152 and 156 are at a higher power level
that can be heard by all of the client devices in the net-
work. Transmissions 150 by client device 121 are at the
power level selected by access point 110 for this device
based on the characteristics of client device 121. Ac-

10

15

20

25

30

35

40

45

50

55

10

knowledgements 162 by client device 123 are transmit-
ted at the power level selected by access point 110 for
client device 123 device based on the characteristics of
this device.

[0075] In this fashion, access point 110 transmits se-
lected wireless transmissions, such as beacons 140 at
a first power level, to reach both client devices 121 and
123 and potentially other devices that wish to associate
with wireless network 10. Other wireless transmissions,
such as periodic acknowledgements 152 and 156 by the
access point 110, are sent at a second power level that
is selected to support both delivery of the packets to the
client device 121 and detection of these transmissions
by the clientdevice 123, the first power level being greater
than the second power level. In addition, wireless trans-
missions, such as transmissions 160 are sent at a third
power level selected to support receipt of the packets by
client device 123 device, the second power level being
greater than the third power level.

[0076] Alternatively, if circumstances warrant, the ac-
cess point 110 could choose all of its transmissions other
than the highest power beacons to be tailored specifically
for the client device 121 even though the client devices
123 cannot hear such transmissions. To combat such
hidden terminal condition, the access point 110 com-
mands the client device 121 to transmit at a power level
sufficient for the client device 123 to detect. With a pro-
tocol that requires at least periodic confirmation by the
client device 121 (e.qg., interspersed acknowledge pack-
ets), even though the client device 121 cannot hear the
access point 110, the client device 123 will hear the pe-
riodic confirmation transmissions (or payload transmis-
sions from the clientdevice 121), and thus determine that
the access point 110 is engaged. At the same time, the
access point 110 may determine that the client device
121 can hear transmissions by the access point 110 at
power levels only great enough to adequately support
the client device 123. Based on this determination, the
access point 110 might direct the client device 123 to
transmit at a power level only sufficient to adequately
reach the access point 110 but not the client device 121.
[0077] Ofcourse, various other circumstances warrant
various other transmission power and protocol configu-
rations. For example, if the access point 110 determines
that transmissions from and to the client device 121 can
be selected such that they provide adequate perform-
ance yet not be heard by the client device 123, the access
point 110 may adopt such power levels. Because the
client device 123 has indicated an idle status, the access
point 110 may accept any unexpected interference from
the client device 123 as it exits the idle status to transmit
during a communication exchange between the client de-
vice 121 and the access point 123. Thereafter, the access
point 110 can change power levels to accommodate the
both of the client devices 121 and 123 in their active
states. Or, instead of merely tolerating such unexpected
interference, the access point 110 may employ a different
protocol operation or an entirely different protocol to ac-
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comodate such circumstances. An example of this would
be for the access point 110 to command that the client
device 123 only attempt transmissions from the idle state
during a fixed period after a beacon and thereafter avoid
communication exchanges with the client device 121 dur-
ing such period. This change might be supported within
the current protocol, or might require a change from the
current protocol to another. Similarly, instead of switching
protocols, the access point 110 may choose to operate
two different protocols at the same time, by directing at
least one of the two of the client devices 121 and 123 to
switch. Further, if the access point 110 detects that the
clientdevice 123 is plugged into AC (Alternating Current)
power, it may direct the client device 123 to always trans-
mit at a higher or highest power, while directing the client
device 121 (that may operate on limited battery power)
to transmit at only that necessary to reach the access
point 110. Many other circumstances and adaptation by
the access point 110 to reduce overall unnecessary
transmission power usage by one or more of the client
devices 121 and 123 and the access point 110 itself are
contemplated.

[0078] FIG. 3 presents a pictorial representation of a
wireless network 10 that shows examples of client de-
vices and various modes of connection between access
points and packet switched backbone network 101 in ac-
cordance with an embodiment of the present invention.
Packet switched backbone network 101 includes wired
data networks 230 such as a cable, fiber, or other wired
or hybrid network for providing access, such as narrow-
band, broadband or enhanced broadband access to con-
tent that is local to wired data network 230 or is otherwise
accessed through Internet backbone 217. In particular,
examples of wired data networks 230 include a public
switched telephone network (PSTN), cable television
network or private network that provides traditional plain
old telephone service, narrowband data service, broad-
band data service, voice over internet protocol (IP) te-
lephony service, broadcast cable television service, vid-
eo on demand service, IP television service, and/or other
services.

[0079] Packet switched backbone network 101 further
includes a terrestrial wireless data network 232 that in-
cludes a cellular telephone network, personal communi-
cations service (PCS), general packet radio service
(GPRS), global system for mobile communications
(GSM), or integrated digital enhanced network (iDEN).
These networks are capable of accessing wired data net-
works 230 through internet backbone 217 and for pro-
viding the many of the services discussed in conjunction
wired data networks 230 in accordance with international
wireless communications standards such as 2G, 2.5G
and 3G.

[0080] Packetswitched backbone network 101 alsoin-
cludes satellite data network 234 for providing access to
services such as satellite video services, satellite radio
service, satellite telephone service and satellite data
service. In addition, packet switched backbone network
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101 includes other wireless data networks 236 such as
a WIMAX network, ultra wideband network, edge net-
work, Universal Mobile Telecommunication System, etc.,
for providing an alternate medium for accessing any of
the services previously described.

[0081] Access points 211-213 provide access to WAN
101 through a wired connection to wired data networks
230. In addition, access point 213 is capable of providing
access to packet switched backbone network 101
through wireless data networks 236. Set top box (STB)
214 includes the functionality of access points 211, 212,
and/or 213 while further including optional access to ter-
restrial wireless data network 232, and satellite data net-
work 234. In particular, STB 214 optionally includes ad-
ditional functions and features directed toward the selec-
tion and processing of video content such as satellite,
cable or IP video content. While the term "access point"
and "set top box" have been used separately in the con-
text of this discussion, the term "access point" shall in-
clude both the functionality and structure associated with
a set top box, including but not limited to, STB 214.
[0082] A plurality of client devices are shown that in-
clude personal computers (PC) 203 and 206, wireless
telephones 204 and 207, television (TV) 205, and wire-
less headphones 208. These client devices are merely
examples of the wide range of client devices that can
send data to and receive data from access points
211-213 and STB 214. While each of these client devices
are shown pictorially as having integrated transceiver cir-
cuitry for accessing a corresponding access point, an
separate wireless interface device may likewise be cou-
pled to the client module via a port such as a Universial
Serial Bus (USB) port, Personal Computer Memory Card
International Association (PCMCIA) Institute of Electrical
and Electronics Engineers (IEEE) 488 parallel port, [IEEE
1394 (Firewire) port, Infrared Data Association (IrDA)
port, etc.

[0083] Access points 211-213 and STB 214 include a
management application 225 and personal computers
(PC) 203 and 206, wireless telephones 204 and 207,
television (TV) 205, and wireless headphones 208, in-
clude client assessment application 404 that allow these
devices to implement the power management method
and structure in accordance with an embodiment of the
present invention. Further discussion of these wireless
networks, access points, client devices, including meth-
ods for use therewith will be set forth in association with
FIGs. 3-9 and the appended claims.

[0084] FIG. 4 presents a block diagram representation
of an access point 300 that can be used in wireless net-
work 10in accordance with an embodiment of the present
invention. In particular, access point 300, such as access
point 110, 211-213, STB 214, is presented. Access point
300 includes a communication interface circuitry 308 for
communicating with at least one packet switched back-
bone network 101. While a single connection is shown,
in an embodiment of access point 300, such as access
point 213 and/or STB 214, communication interface cir-
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cuitry 308 provides a plurality of interfaces that commu-
nicatively couples with packet switched backbone net-
work 101, such as the various networks shown in asso-
ciation with FIG. 2.

[0085] Access point 300 further includes access point
transceiver circuitry 302, operatively coupled to the com-
munication interface circuitry 308, that manages commu-
nication by transmitting at a plurality of power levels and
receives data over a wireless network 10, to and from a
plurality of client devices, such as client devices 121,
123, 125, 127, PCs 203 and 206, wireless phones 204
and 207, TV 205 and wireless headphones 208. Access
point 300 also includes memory circuitry 306, and
processing circuitry 304 that controls communication
flow between the communication interface circuitry 308
and the access point transceiver circuitry 302, and that
implements management application 225. Management
application 225 includes power logic 227 that selects the
power level of the plurality of power levels for periodic
transmissions such as beacons, the transmission of data
packets and the transmission acknowledgements, based
on the particular target or targets that access point 300
wishes to reach with a particular transmission. In addi-
tion, management application 229 includes protocol logic
229 that selects either particular protocol parameters, or
particular protocols for use in communications with one
or more of the client devices. These protocols, protocol
parameters, client device power levels and transmission
power levels for access point 300 are stored in memory
circuitry 306 and retrieved by processing circuitry 304 as
needed.

[0086] The processing circuitry 304 may be a single
processing device or a plurality of processing devices.
Such a processing device may be, for example, any one
or more of a microprocessor, microcontroller, digital sig-
nal processor, field programmable gate array, program-
mable logic device, logic circuitry, state machine, analog
circuitry, digital circuitry, and/or any device that manipu-
lates signals (analog and/or digital) based on operational
instructions. The memory circuitry 306 may be a single
memory device or a plurality of memory devices. Such a
memory device may be read-only memory, random ac-
cess memory, volatile memory, non-volatile memory,
flash memory, static memory, dynamic memory, optical
or magnetic storage, and/or any device that stores digital
information. Note that when the processing circuitry 304
implements one or more of its functions via a state ma-
chine, logic circuitry, analog circuitry, and/or digital cir-
cuitry, the memory storing the corresponding operational
instructions may be embedded in the circuitry comprising
the state machine, logic circuit, analog circuit, and/or dig-
ital circuit.

[0087] In an embodiment of the present invention,
wireless network 10 conforms to at least one industry
standard communication protocol such as 802.11,
802.16, 802.15, Bluetooth, Advanced. Mobile Phone
Services (AMPS), Global System for Mobile Communi-
cation (GSM), and a General Packet Radio Service
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(GPRS). Other protocols, either standard or proprietary,
may likewise be implemented within the scope of the
present invention.

[0088] In operation, the management application 225
receivesreception characteristics, status characteristics,
mobility characteristics and utilization characteristics
from at least one of the plurality of client devices. The
reception characteristics includes, for example, point to
point reception parameters such as the strength of sig-
nals received by at least one of the plurality of client de-
vices from other devices over the wireless link. Based on
at least some of the reception characteristics, status
characteristics, mobility characteristics and utilization
characteristics, the management application 225 selects
transmission power levels for itself and for each of the
plurality of client devices, and transmits corresponding
control signals to the plurality of client devices, directing
transmission power adjustment to the selected power
levels. Further details, including several optional features
of management application 225 are presented in asso-
ciation with FIG. 6.

[0089] Communication interface circuitry 308 and se-
lected functions of AP transceiver circuitry 302 can be
implemented in hardware, firmware or software. Other
functions of transceiver circuitry 302 are implemented in
analog RF (Radio Frequency) circuitry as will be under-
stood by one skilled in the art when presented the dis-
closure herein. When implemented in software, the op-
erational instructions used to implement the functions
and features of these devices can also be implemented
on processing circuitry 304 and stored in memory circuit-
ry 306.

[0090] In operation, access point 300 communicates
with each client device in a point-to-point manner. To
transmit data, access point 300 generates a data packet
that is formatted based the selected protocol of wireless
network 10. In particular, communication interface cir-
cuitry 308 produces data payloads based on data re-
ceived from packet switched backbone network 101. Oth-
er control information and data including the selected
power levels and protocol parameters destined for the
client devices of wireless network 10 are derived from
power the managementapplication 225 of the processing
circuitry 304.

[0091] AP transceiver circuitry 302 modulates the da-
ta, up-converts the modulated data to produce an RF
signal of the wireless network 10. In an embodiment of
the present invention, the AP transceiver circuitry 302
transmits at one of a plurality of power levels, as deter-
mined by management application 225. As one of aver-
age skill in the art will appreciate, if the access point 300
operates based on a carrier sense multiple access with
collision avoidance (CSMA/CA), when access point 300
transmits data, each client device in communication with
wireless network 10 may receive the RF signal, but only
the client that is addressed, i.e., a target client device,
will process the RF signal to recapture the packet.
[0092] AP transceiver circuitry 302 is further operable
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to receive signals from the plurality of client devices over
wireless network 10. In this instance, transceiver circuitry
302 receives an RF signal, down-converts the RF signal
to a base-band signal and demodulates the base-band
signal to recapture a packet of data. In particular, data
payloads destined for packet switched backbone net-
work 101 are provided to communication interface cir-
cuitry 308 to be formatted in accordance with the protocol
used by packet switched backbone network 101. Other
control information and data including the selected re-
ception characteristics received from the client devices
of wireless network 10 are provided to management ap-
plication 225 of processing circuitry 304.

[0093] FIG.5 presents ablock diagram representation
ofa clientdevice 400 that can be used in wireless network
10 in accordance with an embodiment of the present in-
vention. A client device 400 is presented, such as client
devices 121, 123, 125, 127, PCs 203 and 206, wireless
phones 204 and 207, TV 205 and wireless headphones
208. In particular, clientdevice 400includes aclienttrans-
ceiver circuitry 402 that transmits and receives data over
wireless network 10, that operates in a similar fashion to
access point transceiver circuitry 402. However, client
transceiver circuitry 402 is operable to transmit at a se-
lected power level, received from access point 300.
[0094] Client device 400 includes memory circuitry
408, and processing circuitry 406 that implements client
assessment application 404 and client application 410.
The processing circuitry 406 may be a single processing
device or a plurality of processing devices. Such a
processing device may be a microprocessor, microcon-
troller, digital signal processor, field programmable gate
array, programmable logic device, logic circuitry, state
machine, analog circuitry, digital circuitry, and/or any de-
vice that manipulates signals (analog and/or digital)
based on operational instructions. The memory circuitry
408 may be a single memory device or a plurality of mem-
ory devices. Such a memory device may be read-only
memory, random access memory, volatile memory, non-
volatile memory, flash memory, static memory, dynamic
memory, and/or any device that stores digital information.
Note that when the processing circuitry 406 implements
one or more of its functions via a state machine, logic
circuitry, analog circuitry, and/or digital circuitry, the
memory storing the corresponding operational instruc-
tion will be embedded in the circuitry comprising the state
machine, logic circuit, analog circuit, and/or digital circuit.
[0095] Further, client device 400 includes a client as-
sessment application 404, operably coupled to the client
transceiver circuitry 402, that assesses signals received
from other devices, including the access point and other
client devices, over the wireless network 10. Inresponse,
client assessment application 404 generates reception
characteristics and transmits the reception characteris-
tics over the wireless link to access point 300.

[0096] In operation, the client assessment application
404 includes operational instructions that cause process-
ing circuitry 406 to transfer data and signals to and from
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client transceiver circuitry 402; to assess signals 438 re-
ceived from other devices, including other client devices,
over the wireless link; and to generate reception charac-
teristics 436. In one mode of operation, clientassessment
application calculates a measure of signal strength, such
as RSSI for each of the other devices and formats this
information as reception characteristics 436 for transmis-
sion to management application 225. Further details, in-
cluding several optional features of client assessment
application 404 are presented in association with FIG. 5.
[0097] Client application 410 includes the prime func-
tions of the device itself, (e.g. a television, telephones,
personal computer, headphones, etc.) Selected data
packets transmitted to and wide area network originate
101 from data received from client application 410. In
addition, data packets received from packet switched
backbone network 101 are passed to client application
410.

[0098] Selected functions of client transceiver circuitry
402 can be implemented in hardware, firmware or soft-
ware. Other functions of client transceiver circuitry 402
are implemented in analog RF circuitry as will be under-
stood by one skilled in the art when presented the dis-
closure herein. When implemented in software, the op-
eration instructions used to implement the functions and
features of these devices can be implemented on
processing circuitry 406 and stored in memory circuitry
408.

[0099] Inanembodiment of the presentinvention, one
or more components of client transceiver circuitry 402,
processing circuitry 406 and memory circuitry 408 are
implemented on an integrated circuit.

[0100] FIG. 6 presents a block diagram representation
of a client device 400’ with optional GPS circuitry 416
and power source regulation circuitry 420 in accordance
with an embodiment of the present invention. Client de-
vice 400’ can be used in place of client device 400 in any
of the applications disclosed herein. In particular, a client
assessmentapplication 404 includes operational instruc-
tions that cause processing circuitry 406 to support the
management application 225 of the access point 300. In
particular, the client assessment application 404 is op-
erably coupled to power source regulation circuitry 420
to monitor the charging of optional battery pack 422, mon-
itor the charge used by battery pack 422, to determine
the remaining charge on battery pack 422 and whether
the optional external power source 424 is currently con-
nected.

[0101] The clientassessment application 404 includes
operational instructions that cause processing circuitry
406 to generate battery life data 432 and transmit such
status characteristics over the wireless network 10 via
client transceiver circuitry 402. In one mode of operation,
client assessment application 404 generates and trans-
mits further status characteristics such as estimated re-
maining battery life. For instance, battery life data 432
can indicate the client device 400’ is coupled to external
power source 424, an estimated battery life for one or
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more selected power levels, an estimated battery life for
one or more coding schemes, an estimated battery life
battery life for one or more possible data rates, an esti-
mated battery life based on an estimated channel usage,
an estimated battery life battery life based on an estimate
of required deterministic bandwidth, and an estimated
battery life based on an estimate of non-deterministic
bandwidth, or other estimates of battery life based on
further operational parameters of client device 400'. Also
as mentioned previously, other types of status charac-
teristics can be generated pursuant to the client assess-
ment application 404 and communicated to the manage-
ment application running on the access point device 110.
[0102] Utilization characteristics can be similarly col-
lected and communicated. For example, utilization char-
acteristics may be retrieved directly from the current cli-
ent application(s) or from the memory 408. Utilization
characteristics retrieved from the memory may have orig-
inated, for example, based on: 1) prior interaction with or
monitoring of the client application 410; 2) user input; and
3) preset values.

[0103] The client assessment application 404 also
causes the processing circuitry 406 to generate and
transmit mobility characteristics 434 over the wireless
link 434 via the client transceiver circuitry 402. GPS mod-
ule 416 provides geographical data 418 such as GPS
coordinates, scalar and/or vector velocities, accelera-
tions, etc. In addition to such geographical coordinate
data 418, mobility module can generate mobility charac-
teristics 434 that includes a mobility factor indicative of
whether the client device is in a stationary condition, the
client device isin alow mobility condition such as a laptop
computer that shifts slightly on a table in a coffee shop,
or whether the client device is in a high mobility condition,
such as in a car or other mobile environment. This addi-
tional mobility characteristics 434 can be associated with
a type of a device, e.g. a laptop computer may have a
low mobility rating, a wireless transceiver circuitry mount-
ed in a vehicle may have a medium mobility rating, a
desktop computer may have a stationary mobility rating,
etc. Further the mobility factor can be user selected
based on the particular conditions. In addition, the mo-
bility factor can be derived based on assessing a scalar
or vector velocity from GPS module 416 and/or changes
in geographical coordinate data 418 over time, and com-
paring the velocity to one of a plurality of mobility thresh-
olds.

[0104] When generated and transmitted to manage-
ment application 225, battery life data 432, utilization
characteristics 439, mobility characteristics 434, and oth-
er status characteristics can further be used by manage-
ment application 225 for determining a selected power
level for client device 400’, for access point 300, and for
other client devices of wireless network 10, and for de-
termining either a particular protocol or protocol param-
eters used by client device 400’ in communications with
access point 300. When received, selected power level
462 and protocol parameter 464 can be used to generate
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the transmissions by client device 400’ to access point
300.

[0105] FIG. 7 presents a block diagram representation
of an access point 300’ with optional AP assessment ap-
plication 225 in accordance with an embodiment of the
present invention. An access point 300’ is presented that
includes many common elements of access point 300,
referred to by common reference numerals. In addition,
the access point 300’ includes an AP assessment appli-
cation 226 that includes operational instructions, that
cause the processing circuitry 304 to assess signals 438
received from the plurality of client devices, such as client
device 400, over the wireless network 10. The assessed
strength of signals 438 can also be used by management
application 225 to determine the selected power level the
plurality of client devices of wireless network 10. Access
point 300’ may be used in any of the applications dis-
cussed in conjunction with access point 300.

[0106] In particular, access point assessment applica-
tion 226 assesses signals 438 received from the plurality
of client devices based upon a signal strength criteria
such as RSSI, a signal to noise ratio (SNR), a noise pa-
rameter, or an amount of bit errors, and a bit error rate
(BER) of data received from the particular client device.
[0107] In a test mode of operation, the access point
assessment application 226 is operable to generate a
test packet such as an echo packet that is transmitted to
the client device where a reply packet is transmitted and
received back by access point 300. The number of bit
errors or the BER for this particular packet can be calcu-
lated by comparing the received data to the data that was
transmitted. All other client devices that do not participate
in the exchange, listen and generate reception charac-
teristics for the access point assessment application 226.
[0108] In a further "sniffing" mode of operation, the ac-
cess point assessment application 226 receives recep-
tion characteristics generated by the various client de-
vices based on normal, ongoing packets exchanges with
the access point. For example, reception characteristics
might comprise an error detecting code such as a linear
block code, convolutional code or error correcting code
can be used to determine the number of bit errors in the
received data, within the coding limit of the particular code
use. For instance, a (24,12) Golay code with optional
CRC bit could detect up to 4 errors in a 24 bit coded word
before the coding limit was reached.

[0109] The managementapplication 225 assesses the
received reception characteristics 436, mobility charac-
teristics 434, utilization characteristics 439 and battery
life data 432. Optional assessed strength of signals are
received from access point assessment application 226.
Although not shown, other types of status characteristics
and are also received and assessed by the management
application 225.

[0110] The management application 225 implements
a plurality of power management rules, based on the re-
ception characteristics 436 (including the assessed
strength of signals), the mobility characteristics 434, uti-
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lization characteristics, battery life data 432 and other
status characteristics. The power management rules
generate a selected power level to be used by the access
point 300 and a selected power level 462 to be used by
one, all or a group of ones of a plurality of client devices,
such as client device 400. Upon receiving a correspond-
ing control instruction from the management application
225, any such client device responds adjusting the trans-
mission power to that selected.

[0111] In operation, the access point 300’, through
transceiver circuitry 302, is capable of transmitting at a
selected power level that is based on factors such as the
type of transmission, the reception characteristics, status
characteristics, utilization characteristics, mobility char-
acteristics, and the particular target device for the trans-
mission. For instance, access point 300’ can transmit pe-
riodic beacons at a high power level that include infor-
mation such as aservice setidentifier (SSID) and network
name. These beacons are used to support new associ-
ations with client devices that enter the proximity of ac-
cess point 300’ or that otherwise become active within
this proximity. Reception characteristics relating to how
well client devices, such as the client devices 121, 123,
125, 127, 400 and 400, receive these beacon transmis-
sions can be generated by the client assessment appli-
cations 404 of these client devices and transmitted back
to the access point. In response, management applica-
tion 225 determines a customized power level for the
access point to transmit to each client device that can be
reduced from the maximum power output, but that pro-
vides sufficient power to be received by that particular
client device. In addition, management application 225
determines an intermediate power level that is sufficient
to be received by all of the client devices that are currently
associated with access point 300'. Specific packets, such
as all acknowledgements (ACKSs), every other ACK, eve-
ry nth ACK etc., all data packets, occasional data pack-
ets, etc. are transmitted by the access point 300’ at the
intermediate power level that will reach all of the associ-
ated client devices, with the remaining packets transmit-
ted at the power level that is customized for the particular
client device 121, 123, 125, 127, 400 or 400’ to which
the packets are addressed.

[0112] Byway of further example, the power level gen-
eration module can, through operation of the power man-
agementrules, determine which of the client devices 400
are not being heard by other client devices. In response,
power level generation module can establish a selected
power level 462 for such client devices 400 to optionally
boost the transmission power so that they will be heard
by some or all of the remaining client devices. In addition,
power level generation module can reduce the power
generated by a client device 400 that is generating a
stronger than necessary signal for being heard by the
remaining client devices.

[0113] Management application 225 is further opera-
ble to manage the protocol or protocols used in commu-
nicating between the access point 300’ and the client
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devices associated with access point 300’ over wireless
network 10. In one mode of operation, management ap-
plication 225 can selectively adjust one or more protocol
parameters, such as the packetlength, datarate, forward
error correction, error detection, coding scheme, data
payload length, contention period, and back-off param-
eters used by access point 300’ in communication with
one or more of the client devices 121, 123, 125, 127, 400
and/or 400’ based on the analysis of the reception char-
acteristics, status characteristics, utilization characteris-
tics, and mobility characteristics. In this fashion, the pro-
tocol parameters can optionally be adapted based on the
conditions of the network, including not only the mobility,
utilization, status, and reception characteristics of a par-
ticular device, but the mobility, utilization, status, and re-
ception characteristics of a plurality of other devices, in-
cluding how well each client device receives other client
devices.

[0114] For example, in the event that a first client de-
vice has difficulty detecting transmissions from a second
client device, access point 300’ can modify the protocol
parameters so that transmissions by the second client
device include more aggressive error correcting codes,
increased back-off times and/or smaller data payloads
or packet length to increase the chances that a packet
will be received in the event of contention by the first
client device. In addition, decreasing the packet length
can increase the frequency of acknowledgements trans-
mitted by access point 300’. These acknowledgements
can be transmitted at a power level sufficient to be heard
by the first client device. With increased back-off times,
first client device is less likely to create a potential con-
tention.

[0115] Inafurther mode of operation, access point 300’
and its associated client devices can operate using a
plurality of different, and potentially complimentary, pro-
tocols having different protocol parameters. Access point
300’ can likewise select a particular one of a plurality of
protocols that suits the particular conditions present in
the wireless network 10, as determined based on an as-
sessment of utilization characteristics, status character-
istics, mobility characteristics and/or reception charac-
teristics. For instance, an access point can select from
802.11 (n), 802.11 (g) or 802.11 (b) protocols having dif-
ferent protocol parameters, data rates, etc, based on the
particular protocol best suited to accommodate the char-
acteristics of the client devices that are present.

[0116] Inanembodiment of the presentinvention, one
or more components of communication interface circuitry
308, access point transceiver circuitry 302, memory cir-
cuitry 306 and processing circuitry 304 are implemented
on an integrated circuit.

[0117] FIG. 8 presents a pictorial representation of a
wireless network 10 in accordance with an embodiment
of the present invention that provides a management ap-
plication 225 in one of a plurality of terminals. A wireless
network 10 includes terminals 400, 401 and 402 that are
each capable of sending and receiving data from the oth-
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er terminals over a wireless link.

[0118] Terminal 400 includes a management applica-
tion 225 and terminals 400 and 402 include a client as-
sessment application 404 that allows the selection of
transmit power levels to promote effective communica-
tion, while reducing the power consumption of terminals.
Each of the terminals 400, 401 and 402 are operable to
assess the signals received from other devices over the
wireless link. Terminals 401 and 402 generate data such
as reception characteristics based on the assessed sig-
nals, battery life data based on estimates of power con-
sumption, and other status, utilization and mobility char-
acteristics based indicating how likely the signal
strengths for a particular terminal may change due to
movement, how it is being used and its other anticipated
current, estimated or anticipated conditions.

[0119] Terminals 401 and 402 transmitthese data over
the wireless link to terminal 400. Terminal 400, deter-
mines a selected power level and particular protocols or
protocol parameters for itself and for each other terminal,
based on the data that it receives for each device, and
transmits the selected power levels and protocol param-
eter(s) back to each corresponding device. The terminals
401 and 402 can then transmit at a power level and with
a protocol that takes advantage of their particular circum-
stances, including their status in the overall wireless net-
work 10, and based on the positions and properties of
the other terminals that are present.

[0120] Inoperation, terminal 400, while not performing
the specific functions of an access point, is capable of
performing other features and functions of either access
point 300 or access point 300’ discussed herein. In ad-
dition, terminals 401, while not necessarily performing
the functions of a client application, are capable of per-
forming other features and functions of either client de-
vice 400 or client device 400’ discussed herein.

[0121] Inanothermode, all parameters are exchanged
between every wireless terminal and the access point so
that each canindependently or cooperatively make trans-
mission power control decisions.

[0122] For instance, a communication network such
as wireless network 10 can include a first device such as
terminal 400, having a first wireless transceiver that
transmits at a plurality of power levels, a second device,
such asterminal 401 having a second wireless transceiv-
er, and a third device, such as terminal 402 having a third
wireless transceiver. The second device generates afirst
reception characteristic based on at least one transmis-
sion from the third wireless transceiver, and the second
device transmits the first reception characteristic to the
first wireless transceiver of the first device. The third de-
vice generates a second reception characteristic based
on at least one transmission from the second wireless
transceiver, and the third device transmits the second
reception characteristic to the first wireless transceiver
of the first device. The transmission from the third wire-
less transceiver can comprises either a portion of an on-
going data exchange or a portion of a test message.
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[0123] The first device, based on the first reception
characteristic, selects a first power level of the plurality
of power levels for transmissions by the first transceiver
circuitry to the third transceiver circuitry. The first device,
based on the second reception characteristic, selects a
second power level of the plurality of power levels for
transmissions by the first transceiver circuitry to the sec-
ond transceiver circuitry, and the first power level is great-
er than the second power level.

[0124] Inanother mode of operation, the first device is
further operable to select a first protocol parameter for
transmissions by the first wireless transceiver to the sec-
ond device. The first device is further operable to select
a second protocol parameter for transmissions by the
first wireless transceiver to the third device. This allows
the protocols as well as the power levels to be adapted
to the particular conditions present in wireless network
10.

[0125] In a further mode, the first and second devices
transmit mobility characteristics, status characteristics,
and utilization characteristics to the first device. The first
device assesses at least a portion of the mobility, status
and utilization characteristics along with the reception
characteristic to generate the power levels for itself and
for the second and third devices and for the protocol pa-
rameters used by these devices to format transmissions
that are sent and to decode transmissions that are re-
ceived.

[0126] FIG. 9 presents a flowchart representation of a
method that can be used in a terminal, access point
and/or an integrated circuit in accordance with an em-
bodiment of the presentinvention. In particular, a method
is presented for use in conjunction with one or more fea-
tures and functions presented in association with FIGs.
1-8. In step 500, reception characteristics, mobility char-
acteristics, utilization characteristics, and status charac-
teristics are received from one or more client devices
over a wireless link. In step 502, the signals received
from one or more client devices over the wireless link are
assessed and local reception characteristics is generat-
ed. Such signals are either test signals or part of ongoing
communication exchanges. In step 504, transmission
power levels and protocol parameters are determined for
each of the client devices and for local use based on any
part or all of the locally generated reception characteris-
tics and the received mobility, reception, utilization, and
status characteristics. In step 506, the local transmission
power and protocol is adjusted, if needed, and com-
mands requesting transmission power and protocol ad-
justments are sent to each of the client devices as need-
ed. This method is well suited for being implemented as
operational instructions that are stored in a memory such
as memory circuitry 306 and implemented using process-
ing circuitry such as processing circuitry 304.

[0127] For example, the status characteristics related
to battery life might indicate one or more of the following:
whether the client device is coupled to an external power
source; the battery life for at least one selected power
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level; the battery life for at least one coding scheme; the
battery life for at least one data rate; the battery life based
on an estimated channel usage; the battery life based on
an estimate of required deterministic bandwidth; and the
battery life based on an estimate of non-deterministic
bandwidth. The mobility characteristics might indicate,
for example, one or more of the following: the client de-
vice is in a stationary condition; the client device is in a
low mobility condition; the client device is in a high mo-
bility condition; and a geographical coordinate of the cli-
ent device.

[0128] The reception characteristics such as the as-
sessment signal strength mightinclude, for example, one
or more of: a received signal strength indicator (RSSI);
a signal to noise ratio; a noise parameter; an amount of
bit errors; and a bit error rate (BER). In one mode of
operation, a test packet such as an echo packet is trans-
mitted to the client device where a reply packet is trans-
mitted and received back. The number of bit errors or the
BER for this particular packet can be calculated by com-
paring the received data to the data that was transmitted.
[0129] In further mode of operation, received data is
assessed based on the payload of normal packets that
are received. For instance, an error detecting code such
as a linear block code, convolutional code or error cor-
recting code can be used to determine the number of bit
errors in the received data, within the coding limit of the
particular code use. For instance, a (24,12) Golay code
with optional CRC bit could detect up to 4 errors in a 24
bit coded word before the coding limit was reached.
[0130] Inone mode of operation, step 504 implements
a plurality of power management rules, based on the re-
ception characteristics, and optionally the mobility char-
acteristics, battery life data and the assessed strength of
signals. These power management rules generate a se-
lected power level for an access point based on factors
such as the type of transmission, the reception charac-
teristics, status characteristics, utilization characteristics,
mobility characteristics, and the particular target device
for the transmission. For example, the access point can
transmit periodic beacons at a high power level that in-
clude information such as a service set identifier (SSID)
and network name. These beacons are used to support
new associations with client devices that enter the prox-
imity of the access point or that otherwise become active
within this proximity. Reception characteristics relating
to how well the client devices receive these beacon trans-
missions can be generated by the client devices and
transmitted back to the access point. In response, the
access point determines a customized power level for
transmissions to each client device that can be reduced
from the maximum power output, but that provides suf-
ficient power to be received by that particular client de-
vice. In addition, the access point determines an inter-
mediate power level that is sufficient to be received by
all of the client devices that are currently associated with
access point. Specific packets, such as all acknowledge-
ments (ACKSs), every other ACK, every nth ACK etc., all
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data packets, occasional data packets, etc. are transmit-
ted by the access point at the intermediate power level
that will reach all of the associated client devices, with
the remaining packets transmitted at the power level that
is customized for the particular client device to which the
packets are addressed.

[0131] In a further mode of operation, these power
management rules establish a selected power level for
a plurality of client devices, that are equipped to receive
the selected power level and to set the selected power
level accordingly. The selected power levels are trans-
mitted to the corresponding client devices. The selected
power level for each client device can be a discrete var-
iable that takes on one of a finite number of values. For
example, through operation of the power management
rules, the method can determine which of the client de-
vices are not being heard by other client devices. In re-
sponse, a selected power level can be established for
such client devices to optionally boost the transmission
power so that they will be heard by some or all of the
remaining client devices. In addition, power management
rules can reduce the power generated by a client device
that is generating a stronger than necessary signal for
being heard by the remaining client devices.

[0132] In a further example, an analysis of reception
characteristics and battery life data may reveal that a
client device is easily detected by each of the other de-
vices and that it is running low on battery power. In re-
sponse, a reduced power level can be selected for that
device to extend its battery life.

[0133] In another example, an analysis of reception
characteristics and mobility characteristics may reveal
that a client device is highly mobile. Rather than relying
solely on reception characteristics, the power manage-
ment rules select a power level for an access point or
client device that takes into consideration the client de-
vice’s possible movement.

[0134] In addition, the protocol or protocols used in
communicating between devices of the wireless network
are adapted to the particular characteristics of the access
point and the client devices. In one mode of operation,
the method can selectively adjust one or more protocol
parameters, such as the packet length, data rate, forward
error correction, error detection, coding scheme, data
payload length, contention period, and back-off param-
eters used in communication between devices, based on
the analysis of information, such as the reception char-
acteristics, status characteristics, utilization characteris-
tics, and mobility characteristics of these devices. In this
fashion, the protocol parameters can optionally be adapt-
ed based on the conditions of the network, including not
only the mobility, utilization, status, and reception char-
acteristics of a particular device, but the mobility, utiliza-
tion, status, and reception characteristics of a plurality of
devices, including how well each device receives trans-
missions from other devices.

[0135] Inthisfashion, the method caninclude selecting
a first power level of the plurality of power levels for pe-
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riodic transmissions by an access point; receiving a first
plurality of characteristics relating to an evaluation by a
first client device of transmissions received by the first
client device from both the access point and a second
client device; receiving a second plurality of characteris-
tics relating to an evaluation by the second client device
of transmissions received by the second client device
from both the access point and the first client device; and
assessing both the first plurality of characteristics and
the second plurality of characteristics and, based on the
assessment, selecting both a second power level of the
plurality of power levels for transmissions by the access
point to the first client device and a third power level of
the plurality of power levels for transmissions by the ac-
cess point to the second client device, and the first power
level is greater that the second power level, while the
second power level is greater than the third power level.
[0136] FIG. 10 presents a flowchart representation of
a method that can be used in a terminal, client device
and/or an integrated circuit in accordance with an em-
bodiment of the presentinvention. In particular, a method
is presented for use in conjunction with one or more fea-
tures and functions presented in association with FIGs.
1-9. In step 600, signals received from other devices over
a wireless link by a client device are gathered and as-
sessed along with battery status, device operating status,
client application status and anticipated communication
requirements and mobility information. In step 602,
based on such gathering and assessment, reception, sta-
tus, utilization and mobility characteristics are generated.
In step 604, such generated characteristics are transmit-
ted over the wireless link. In step 606, in response to the
transmission in step 604, a command requesting a trans-
mission power level and protocol adjustment is received
over the wireless link. In step 608, data is transmitted
over the wireless link in accordance with the request at
the selected power level and protocol. This method is
well suited for being implemented as operational instruc-
tions that are stored in a memory such as memory cir-
cuitry 408 and implemented using processing circuitry
such as processing circuitry 406.

[0137] Forexample, the status characteristics such as
battery life data can indicate one or more of the following:
whether a device such as a client device is coupled to
an external power source, the battery life for at least one
selected power level, the battery life for at least one cod-
ing scheme, the battery life for at least one data rate, the
battery life based on an estimated channel usage, the
battery life based on an estimate of required deterministic
bandwidth, and the battery life based on an estimate of
non-deterministic bandwidth. The mobility characteris-
tics can indicates one or more of the following: the client
device is in a stationary condition, the client device is in
a low mobility condition, the client device is in a high
mobility condition, and a geographical coordinate of the
client device.

[0138] The assessment signal strength can include
one or more of: a received signal strength indicator (RS-
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Sl), a signal to noise ratio, a noise parameter, an amount
of bit errors, and a bit error rate (BER). In one mode of
operation, a test packet such as an echo packet is trans-
mitted to the client device where a reply packet is trans-
mitted and received back. The number of bit errors or the
BER for this particular packet can be calculated by com-
paring the received data to the data that was transmitted.
[0139] In further mode of operation, received data is
assessed based on the payload of normal packets that
are received. For instance, an error detecting code such
as a linear block code, convolutional code or error cor-
recting code can be used to determine the number of bit
errors in the received data, within the coding limit of the
particular code use. For instance, a (24,12) Golay code
with optional CRC bit could detect up to 4 errors in a 24
bit coded word before the coding limit was reached.
[0140] In one mode of operation, a device, such as a
client device, terminal or access point, implements a plu-
rality power management rules, based on the reception
characteristics, and optionally the mobility characteris-
tics, battery life data and the assessed strength of signals.
These power management rules generate a selected
power level for the host terminal, access point of client
device and for a plurality of client devices, that are
equipped to receive a selected power level and to set the
selected power level accordingly. The selected power
levels are transmitted to the corresponding client devic-
es. The selected power level for each client device can
be a discrete variable that takes on one of a finite number
of values.

[0141] For example, through operation of the power
management rules, the method can determine which of
the client devices are not being heard by other client de-
vices. In response, a selected power level can be estab-
lished for such client devices to optionally boost the trans-
mission power so that they will be heard by some or all
of the remaining client devices. In addition, power man-
agement rules can reduce the power generated by a cli-
ent device that is generating a stronger than necessary
signal for being heard by the remaining client devices.
[0142] In a further example, an analysis of reception
characteristics and battery life data may reveal that a
client device is easily detected by each of the other de-
vices and that it is running low on battery power. In re-
sponse, a reduced power level can be selected for that
device to extend its battery life, with or without one or
both of: a) switching the low power device to another
protocol or otherwise adapting its current protocol in ac-
commodation; and b) switching all other devices to an-
other protocol or otherwise adapting their current protocol
in accommodation

[0143] In another example, an analysis of reception
characteristics and mobility characteristics may reveal
that a client device is highly mobile. Rather than relying
solely on reception characteristics, the power manage-
ment rules select a power level for this client device that
takes into consideration its possible movement.

[0144] Inthisfashion,the presentinvention caninclude
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a the method for use in a first client device that, along
with at least a second client device, wirelessly commu-
nicates with and a packet switched backbone network
viaan access point. Periodic transmissions by the access
point at first power level of the plurality of power levels
are received. Transmissions received from both the ac-
cess point and the second client device are evaluated
and a first plurality of characteristics relating to the eval-
uation by the first client device are transmitted to the ac-
cess point. A transmission is received from the access
point at a second power level of the plurality of power
levels that is based on an assessment of both the first
plurality of characteristics and a second plurality of char-
acteristics from the second client device, wherein the first
power level is greater that the second power level, and
the transmission contains a selected power level and one
or more protocol parameters for transmissions by the first
client device. In response the client device transmits at
the selected power level and in accordance with the pro-
tocol parameter(s).

[0145] Asone of ordinary skill in the art will appreciate,
the term "substantially" or "approximately”, as may be
used herein, provides an industry-accepted tolerance to
its corresponding term and/or relativity between items.
Such an industry-accepted tolerance ranges from less
than one percent to twenty percent and corresponds to,
but is not limited to, component values, integrated circuit
process variations, temperature variations, rise and fall
times, and/or thermal noise. Such relativity between
items ranges from a difference of a few percent to mag-
nitude differences. As one of ordinary skill in the art will
further appreciate, the term "operably coupled”, as may
be used herein, includes direct coupling and indirect cou-
pling via another component, element, circuit, or module
where, for indirect coupling, the intervening component,
element, circuit, or module does not modify the informa-
tion of a signal but may adjust its current level, voltage
level, and/or power level. As one of ordinary skill in the
art will also appreciate, inferred coupling (i.e., where one
element is coupled to another element by inference) in-
cludes direct and indirect coupling between two elements
in the same manner as "operably coupled”. As one of
ordinary skill in the art will further appreciate, the term
"compares favorably”, as may be used herein, indicates
that a comparison between two or more elements, items,
signals, etc., provides a desired relationship. For exam-
ple, when the desired relationship is that signal 1 has a
greater magnitude than signal 2, a favorable comparison
may be achieved when the magnitude of signal 1 is great-
er than that of signal 2 or when the magnitude of signal
2 is less than that of signal 1.

[0146] In preferred embodiments, the various circuit
components are implemented using 0.35 micron or
smaller CMOS technology. Provided however that other
circuit technologies including other transistor, diode and
resistive logic, both integrated or non-integrated, may be
used within the broad scope of the present invention.
Likewise, various embodiments described herein can al-
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so be implemented as software programs running on a
computer processor. It should also be noted that the soft-
ware implementations of the present invention can be
stored on a tangible storage medium such as a magnetic
or optical disk, read-only memory or random access
memory and also be produced as an article of manufac-
ture.

[0147] As the term module is used in the description
of the various embodiments of the present invention, a
module includes a functional block that is implemented
in hardware, software, and/or firmware that performs one
or module functions such as the processing of an input
signal to produce an output signal. As used herein, a
module may contain submodules that themselves are
modules.

[0148] Thus, there has been described herein an ap-
paratus and method, as well as several embodiments
including a preferred embodiment, for implementing a
wireless network, access point, client device, integrated
circuit. Various embodiments of the present invention
herein-described have features that distinguish the
present invention from the

prior art.

[0149] It will be apparent to those skilled in the art that
the disclosed invention may be modified in nhumerous
ways and may assume many embodiments other than
the preferred forms specifically set out and described
above. Accordingly, itis intended by the appended claims
to cover all modifications of the invention which fall within
the true spirit and scope of the invention.

Claims

1. A wireless network communicatively coupled to a
packet switched backbone network, the wireless net-
work comprising:

an access point having communication interface
circuitry that communicatively couples with the
packet switched backbone network, access
point processing circuitry, and access point
transceiver circuitry that manages communica-
tion by transmitting at a plurality of power levels;
the access point processing circuitry controls
communication flow between the communica-
tion interface circuitry and the access point
transceiver circuitry, the access point process-
ing circuitry selects a first power level of the plu-
rality of power levels for periodic transmissions
by the access point transceiver circuitry;

a first client device having first client processing
circuitry and first client transceiver circuitry;

a second client device having second client
processing circuitry and second client transceiv-
er circuitry;
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the first client transceiver circuitry and the sec-
ond clienttransceiver circuitry both communica-
tively coupling with the packet switched back-
bone network via the access point transceiver
circuitry, the access point processing circuitry,
and the communication interface circuitry;

the first client processing circuitry evaluates
transmissions from both the access point trans-
ceiver circuitry and the second client transceiver
circuitry, and transmits to the access point trans-
ceiver via the first client transceiver circuitry a
first plurality of characteristics relating to the
evaluation by the first client processing circuitry;
the second client processing circuitry evaluates
transmissions from both the access point trans-
ceiver circuitry and the first client transceiver cir-
cuitry, and transmits to the access point trans-
ceiver via the second client transceiver circuitry
a second plurality of characteristics relating to
the evaluation by the second client processing
circuitry; and

the access point processing circuitry assesses
both the first plurality of characteristics and the
second plurality of characteristics and, based on
the assessment, selects both a second power
level of the plurality of power levels for transmis-
sions by the access point transceiver circuitry to
the first client transceiver and a third power level
of the plurality of power levels for transmissions
by the access point transceiver circuitry to the
second client transceiver, and the first power
level is greater that the second power level,
while the second power level is greater than the
third power level.

The wireless network of claim 1, wherein the trans-
missions evaluated by the first client processing cir-
cuitry comprise at least a portion of an ongoing data
exchange.

The wireless network of claim 1, wherein the trans-
missions evaluated by the first client processing cir-
cuitry comprise at least one test signal exchange.

A method for use in an access point that wirelessly
couples a first client device and a second client de-
vice to a packet switched backbone network, the
method comprising:

selecting a first power level of the plurality of
power levels for periodic transmissions by the
access point;

receiving a first plurality of characteristics relat-
ing to an evaluation by the first client device of
transmissions received by the first client device
from both the access point and the second client
device;

receiving a second plurality of characteristics re-
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lating to an evaluation by the second client de-
vice of transmissions received by the second
client device from both the access point and the
first client device; and

assessing both the first plurality of characteris-
tics and the second plurality of characteristics
and, based on the assessment, selecting both
a second power level of the plurality of power
levels for transmissions by the access point to
the first client device and a third power level of
the plurality of power levels for transmissions by
the access point to the second client device, and
the first power level is greater that the second
power level, while the second power level is
greater than the third power level.

A method for use in a first client device that, along
with at least a second client device, wirelessly com-
municates with and a packet switched backbone net-
work via an access point, the method comprising:

receiving periodic transmissions by the access
point at first power level of the plurality of power
levels;

evaluating transmissions received from both the
access point and the second client device and
transmitting to the access point a first plurality
of characteristics relating to the evaluation by
the first client device;

receiving a transmission from the access point
at a second power level of the plurality of power
levels that is based on an assessment of both
the first plurality of characteristics and a second
plurality of characteristics from the second client
device, the first power level is greater that the
second power level, and the transmission con-
tains a selected power level for transmissions
by the first client device; and

transmitting at the selected power level.

6. A wireless network communicatively coupled to a

packet switched backbone network, the wireless net-
work comprising:

an access point having communication interface
circuitry that communicatively couples with the
packet switched backbone network, access
point processing circuitry, and access point
transceiver circuitry that transmits at a plurality
of power levels;

the access point processing circuitry managing
communication flow between the communica-
tion interface circuitry and the access point
transceiver circuitry;

a first client device having first client processing
circuitry and first client transceiver circuitry;

a second client device having second client
processing circuitry and second client transceiv-
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er circuitry;

the first client processing circuitry generates a
second client reception characteristic based on
at least one transmission from the second client
transceiver circuitry, and the first client process-
ing circuitry transmits the second client recep-
tion characteristic to the access point transceiv-
er circuitry viathe first client transceiver circuitry;
the second client processing circuitry generates
a first client reception characteristic based on at
least one transmission from the first client trans-
ceiver circuitry, and the second client process-
ing circuitry transmits the first client reception
characteristic to the access point transceiver cir-
cuitry via the second client transceiver circuitry;
and

the access point processing circuitry, based on
the second client reception characteristic, se-
lects a first power level of the plurality of power
levels for transmissions by the access point
transceiver circuitry to the first client transceiver,
and the access point processing circuitry, based
on the first client reception characteristic, se-
lects asecond power level of the plurality of pow-
er levels for transmissions by the access point
transceiver circuitry to the second client trans-
ceiver, and the first power level is greater than
the second power level.

7. A communication network comprising:

a first device having a first wireless transceiver
that transmits at a plurality of power levels;
asecond device having a second wireless trans-
ceiver;

athird device having a third wireless transceiver;
the second device generates a first reception
characteristic based on at least one transmis-
sion from the third wireless transceiver, and the
second device transmits the first reception char-
acteristic to the first wireless transceiver of the
first device;

the third device generates a second reception
characteristic based on at least one transmis-
sion from the second wireless transceiver, and
the third device transmits the second reception
characteristic to the first wireless transceiver of
the first device;

the firstdevice, based on the first reception char-
acteristic, selects a first power level of the plu-
rality of power levels for transmissions by the
first transceiver circuitry to the third transceiver
circuitry; and

the first device, based on the second reception
characteristic, selects a second power level of
the plurality of power levels for transmissions by
the first transceiver circuitry to the second trans-
ceiver circuitry, and the first power level is great-
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er than the second power level.

8. The communication network of claim 7, wherein the
firstdevice is further operable to select a first protocol
parameter for transmissions by the first wireless
transceiver to the second device.

9. A wireless communication protocol used by an ac-
cess point to deliver first data packets to a first wire-
less device and second data packets to a second
wireless device, the wireless communication proto-
col comprising:

first wireless transmissions by the access point
device at a first power targeting both the first
wireless device and the second wireless device;
second wireless transmissions by the access
point device at a second power level selected
to support both delivery of the first data packets
to the first wireless device and detection of the
second wireless transmissions by the second
wireless device, the first power level being great-
er than the second power level; and

third wireless transmissions of at least the sec-
ond data packets by the access point device at
a third power level selected to support receipt
of the second data packets by the second wire-
less device, the second power level being great-
er than the third power level.

10. A communication network comprising:

a first device having a first wireless transceiver
that transmits at a first selected power level;
asecond device having a second wireless trans-
ceiver that transmits at a second selected power
level;

a third device having a third wireless transceiver
that transmits at a plurality of power levels;

the second device generates a first reception
characteristic based on at least one transmis-
sion from the first wireless transceiver, and the
second device transmits the first reception char-
acteristic to the third wireless transceiver of the
third device;

the first device generates a second reception
characteristic based on at least one transmis-
sion from the second wireless transceiver, and
the first device transmits the second reception
characteristic to the third wireless transceiver of
the third device;

the third device, based on the first reception
characteristic, selects both a first power level of
the plurality of power levels for transmissions by
the third transceiver circuitry to the first trans-
ceiver circuitry, and the first selected power level
of the first wireless transceiver circuitry for trans-
missions by the first wireless transceiver circuit-
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ry to the third transceiver circuitry; and

the third device, based on the second reception
characteristic, selects both a second power level
of the plurality of power levels for transmissions
by the third transceiver circuitry to the second
transceiver circuitry, and the second selected
power level of the second wireless transceiver
circuitry for transmissions by the second wire-
less transceiver circuitry to the third transceiver
circuitry.
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